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A B S T R A C T 
Mangrove existence is necessary to protect the coastal. One method that can be used to 
keep mangrove existence were using satellite imagery monitoring. The number of 
bands in the imagery led to the selection for the RGB composite bands was difficult 
because of many combinations to try. One technique that can be done to get the best 
RGB combination of an object is to use Optimum Index Factor (OIF). OIF is a 
statistical technique for selecting three combinations of imagery bands to visualize the 
image display to the fullest. It is based on the value of total variance and the correlation 
coefficient between the bands. Landsat 8 has seven bands with 30 m resolution, one 
panchromatic band with 15 m resolution, and two bands with 100 m resolution. The 
purpose of this study was to detect true mangrove using three bands from OIF value of 
Landsat 8. The results of the processing from 6 bands (2-3-4-5-6-7) obtained 20 bands 
combinations with the highest value of OIF is 0,168, i.e., bands 2-5-6 (Blue, NIR, 
SWIR-1). Based on the combination, the next step was the unsupervised classification 
process for true mangrove identification (Rizhopora, Brugueira, Avicennia and 
Soneratia). The best classification using band combination 2-3-4-5-6-7 with true 
mangrove reached 4.041 ha. 
Keywords: Landsat 8, true mangrove, Optimum Index Factor. 
 
Introduction 
Landsat satellites are experiencing rapid 
technological developments until now it has 
reached the 8th generation. Landsat 8, is an 
improvement from Landsat 7. It can be seen from 
the addition of bands and wavelength ranges. There 
are 11 bands on Landsat 8 which are divided into 
two sensors, namely Onboard Operational Land 
Imager sensors (OLI - bands 1 to 9) and Thermal 
Infrared Sensors (TIRS - bands 10 and 11). There 
are three spatial resolutions on Landsat 8, namely 
15 m (band 8), 30 m (bands 1 - 7, and 9), and 100 
m (bands 10 and 11). Also, Landsat 8 has a gray 
level 0-4096. It is caused by an increase in 
sensitivity which at first each pixel has an 8-bit 
quantification has now increased to 12 bits. This 
increase makes the process of interpreting objects 
on the surface easier (Sugiarto, 2013; Anggarita et 
al., 2018). 
The addition of the number of bands makes 
more variations for image composites. It is 
certainly a problem with what combination of 
bands will produce a maximum image display, 
capable of displaying information on the surface of 
the earth very well. One method that can be used to 
determine the best band combination, namely 
Optimum Index Factor (OIF). OIF is a statistical 
value that can be used to select the optimum 
combination of three bands on satellite imagery 
(Depdip, 2013). This statistical method was 
introduced by (Chaves et al., 1982) to choose a 
combination of three bands that will present the 
best display of many bands. In principle, OIF is one 
method of image sharpening from the point of 
operation perspective. OIF techniques simplify 
band selection by evaluating quantitative statistics 
and eliminating the process of visual analysis 
(Depdip, 2013). The results of the OIF calculation 
are the best three-band combination for RGB 
composites. It is based on statistical calculations on 
the total number of variants and correlations 
between various bands. Bands with lots of 
"information" (high standard deviation) and a little 
"duplication" (low correlation between bands) will 
produce high OIF values. OIF techniques have 
been widely used, including for interpretation of 
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settlements (Depdip, 2013), geological mapping 
(Qaid & Basavarajappa, 2008), coral reefs 
(Asriningrum, 2008), geology (Jun et al., 2008), the 
shape of the earth's surface, marine, karst , fluvial, 
structural, and volcanic (Asriningrum, 2002), and 
mangrove (Marini et al., 2015; Manoppo et al., 
2015). One of the most interesting uses of the OIF 
technique is the detection and classification of 
mangroves. Detection of mangroves using remote 
sensing technology is based on the value of 
chlorophyll and the location of growth around the 
coast (Arumugam et al., 2018). Chlorophyll is 
optical that absorbs the red light spectrum and 
reflects the infrared light spectrum strongly (Green 
et al., 2000). The mangrove location around the 
coast makes it easy to detect mangroves by taking 
into account the distance and influence of seawater 
(Pham & Yoshino, 2016). Based on this, detection, 
calculation of area, and density of mangroves can 
be carried out (Susilo, 2000; Thu & Populus, 
2007). 
Mangrove forests are a type of tropical 
rainforest that grows along tropical coastlines with 
unique features compared to other forests (Kirui et 
al., 2013). Even though this forest belongs to a 
large group of tropical rain (Krauss et al., 2014), 
because it grows in tidal areas, this plant is 
classified as Halophytes (saline plants) (Wibisono, 
2011; Deng et al., 2015). Mangroves are vegetation 
that grows in the transition zone between land and 
sea in coastal tides, estuaries and coral 
environments characterized by strong winds, 
inundation, high temperatures, and muddy 
anaerobic soil (Kathiresan et al., 2001; Lugo et al., 
1974; Nontji, 2005; Wibisono, 2011) that the 
properties possessed are not exactly the same as 
those in the mainland tropical rainforest. 
Morphologically, mangrove divides into 
three, namely major (true), minor, and association 
(Tomlinson, 1994). Besides Tomlinson (1994), 
Kitamura et al. (2003) and Kusumaningtyas et al. 
(2019) divided mangroves into two classes, namely 
true mangroves and associations. In general, true 
mangrove is a type of vegetation that can live in 
tidal areas, in the form of pure stands, able to 
tolerate salinity (able to absorb and release salts 
through stems and leaves), based on taxonomies 
different from land plants, able to adapt to the 
environment (roots breath, associated with gas 
exchange, viviparine embryo) (Tomlinson, 1994; 
Kitamura et al., 2003). True mangroves examples 
are genus Avicennia, Laguncularia, Lumnitzera, 
Nypa, Bruguiera, Ceriops, Candellia, Rhizophora, 
and Sonneratia (Farzana et al., 2017). Minor 
mangroves are mangroves that are unable to form 
pure stands and only live on the edge of the habitat, 
for example, Pemphis acidula, Aegiceras sp., 
Excoecaria agallocha and Xylocarpus sp. (Hossain 
et al., 2017). Mangrove associations are coastal 
vegetation that can adapt to coastal ecosystems but 
cannot remove excess salt substances, for example, 
Barringtonia asiatica, Sesuvium sp., Ipomoea sp., 
and Calotropis gigantea (Tomlinson, 1994; 
Kitamura et al., 2003). A lot of research on true 
mangroves, but true mangrove research using 
satellite technology has not been done much. 
Research on true mangrove based on satellite data 
was carried out by Purwanto et al. (2018). Based on 
the study results, true mangroves are in the eastern 
part of Segara Anakan. This study aims to detect 
true mangrove by using three bands from OIF 
values of Landsat 8. 
 
Material and Methods 
Study area 
The research location is Segara Anakan. 
This location is located in Cilacap Regency, 
Central Java Province, Indonesia. Location 
selection is based on the still extensive mangrove 
area and the diversity of mangrove species in 
Segara Anakan. The location of the study can be 
seen in Figure 1. 
 
Data collection 
Landsat is the eighth generation which is 
the result of improvements from the previous 
generation. Landsat 8 has 11 bands with shorter 
wavelength ranges so that it can detect objects 
more clearly. The data used in this study is Landsat 
8 corrected on the date of acquisition on May 20, 
2015, which has been converted to reflectance 
value. Landsat 8 imagery used is the data in path 
121 and row 065. 
 
Optimum Index Factor (OIF) 
Remote sensing data can be used for 
mangrove detection (Kuenzer et al., 2011; Vo et al., 
2013; Luong et al., 2015). Landsat 8 is useful for 
this detection. The initial step is to sharpen the 
spatial and spectral information of Landsat 8 image 
data through the data fusion process. The data 
fusion process was carried out on Landsat 8 data on 
the Red-Near Infrared (NIR)- Short Wave Infrared-
1 (SWIR-1) bands (30 x 30 m resolution) with band 
8 (panchromatic with a resolution of 15 x 15 m). 
The result of fusion will make the display visually 
clear (Clark et al., 2011), where the color pattern is 
obtained from 30 x 30 m resolution images (Hauser 
et al., 2017), while the panchromatic band will 
sharpen the impression on the texture (Wang et al., 
2018). Based on this, a training area was made in 
the Landsat 8 data to obtain reflectance values 
(Adam et al., 2010). The training area is based on 
the results of the survey conducted on July 18th 
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until July 24th in 2016. The number of training 
areas is 50 points scattered around Segara Anakan. 
 
 
Figure 1. Research location in Segara Anakan, Indonesia. 
 
Based on the reflectance values that have 
been obtained from the extraction results of the 
training area, OIF values are calculated. The 
algorithms used to obtain OIF values are as follows 
(Chaves et al., 1982): 
 
=OIF  
==
3
1
3
1
)(
ji
CCjABSSDi
 Eq.(1) 
 
where: 
SDi : standard deviation of the band I 
ABS : absolute value of the two-band 
correlation coefficient of three bands 
is possible.  
 
The number of bands used to calculate OIF 
values is 6, namely band 2-7. These bands include 
visible light, NIR, and SWIR bands. Based on the 
number of bands, the possible combinations are 
calculated using the following algorithm: 
 
 
Figure 2. Research flowchart. 
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The next step is to select the four highest 
OIF values. Based on these values, an unsupervised 
classification process is carried out to separate 
between true and non-mangrove mangroves. 
Unsupervised classification is a process of iterating 
the spectral value of a pixel to produce a spectral 
group (Johnson & Xie, 2011). 
This spectral group will be classified as an 
object based on the similarity of the cluster values 
(Kamal & Johansen, 2017). The unsupervised 
classification process will automatically be carried 
out by a computer without involving interference 
from the operator except when grouping the 
spectral group values into an object. In this study, 
the object is divided into water, non-vegetation, 
true mangrove, vegetation, and clouds. The final 
step is to calculate the area of the classification 
results. The flow of research can be seen in Figure 
2. Field survey is needed to know the accuracy of 
classification result (Lu & Weng, 2007). 
Results 
The Landsat 8 image used is in a condition 
already in the reflectance form and has been 
intermediated between multispectral (30 m) and 
panchromatic (15 m). It aims to be able to 
distinguish the detail of the object. After that, the 
reflectance value was extracted based on the 
training area made. 
This training area is based on visual 
identification of the mangrove class. Then the OIF 
value is calculated based on the value of the 
reflectance extraction. Unsupervised classification 
is carried out after OIF values are obtained. The 
classification results are in the form of true 
mangrove and non-true mangrove classes. The 
results of this classification need to be tested for 
accuracy with field data. If it does not meet the set 
tolerance, it is necessary to do the calculation of the 
new OIF. If it has fulfilled the tolerance set at 3σ 
with a confidence level of 90%, it will get the 
classification of true mangrove. 
 
 
 
 
 
256 - Blue NIR SWIR-1 265 - Blue SWIR-1 NIR 526 - NIR Blue SWIR-1 
 
  
562 - NIR SWIR-1 Blue 625 - SWIR-1 Blue NIR 652 - SWIR-1 NIR Blue 
 
 
 
245 - Blue Red NIR 254 - Blue NIR Red 425 - Red Blue NIR 
 
 
 
452 - Red NIR Blue 524 - NIR Blue Red 542 - NIR Red Blue 
Figure 3. Variety of band combinations for Optimum Index Factor (OIF) calculation. 
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257 - Blue NIR SWIR-2 275 - Blue SWIR-2 NIR 527 - NIR Blue SWIR-2 
 
 
 
572 - NIR SWIR-2 Blue 725 - SWIR-2 Blue NIR 752 - SWIR-2 NIR Blue 
 
 
 
235 - Blue Green NIR 253 - Blue NIR Green 325 - Green Blue Green 
 
 
 
352 - Green NIR Blue 523 - NIR Blue Green 532 - NIR Green Blue 
  
 
456 - Red NIR SWIR-1 465 - Red SWIR-1 NIR 546 - NIR Red SWIR-1 
 
  
564 - NIR SWIR-1 Red 645 - SWIR-1 Red NIR 654 - SWIR-1 NIR Red 
Figure 4. Variety of band combinations for Optimum Index Factor (OIF) calculation. 
 
The most important thing in getting the 
classification of true mangrove with high accuracy 
is dependent on the results of the OIF value 
calculation. This calculation involves 6 bands from 
Landsat 8 data. The results of processing six bands 
(2-3-4-5-6-7) of Landsat 8 data, obtained 20 band 
combinations with values ranging from 0.043 - 
0.177. The highest rating is a combination of band 
2-5-6 or (Blue, NIR, SWIR-1) and the last is 2-3-4 
or (Blue, Green, Red). Ranking of Landsat 8 OIF 
values can be seen in Table 1. Based on the OIF 
value, four band combinations are taken with the 
highest OIF value, namely 2-5-6 (Blue, NIR, 
SWIR-1), 2-4-5 (Blue, Red, NIR), 2-5-7 (Blue, 
NIR, SWIR-2), 4-5-6 (Red, NIR, SWIR-1).  
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The band combination does not necessarily 
provide maximum visual information; it is 
necessary to test variations of the three bands. 
Figure 3 and 4 show the results of a combination of 
three bands based on OIF values. Besides being 
used to obtain the best visualization, the OIF value 
was used to detect the true mangrove location in 
Segara Anakan using the unsupervised 
classification method. Of the four band 
combinations, band 2-5-7 shows the true mangrove 
location clearly. Figure 5 shows the results of an 
unsupervised classification for true mangrove 
using the four highest OIF values. Table 2 shows 
the results of land cover area based on 
unsupervised classification
 
Table 1. Optimum Index Factor (OIF) value from Landsat 8. 
No Band combinations OIF value 
1 2-5-6 Blue, NIR, SWIR-1 0.177 
2 2-4-5 Blue, Red, NIR 0.163 
3 2-5-7 Blue, NIR, SWIR-2 0.162 
4 2-3-5 Blue, Green, NIR 0.153 
5 4-5-6 Red, NIR, SWIR-1 0.148 
6 3-5-6 Green, NIR, SWIR-1 0.143 
7 3-4-5 Green, Red, NIR 0.140 
8 4-5-7 Red, NIR, SWIR-2 0.139 
9 3-5-7 Green, NIR, SWIR-2 0.135 
10 5-6-7 NIR, SWIR-1, SWIR-2 0.118 
11 2-6-7 Blue, SWIR-1, SWIR-2 0.076 
12 2-3-6 Blue, Green, SWIR-1 0.073 
13 4-6-7 Red, SWIR-1, SWIR-2 0.071 
14 3-4-6 Green, Red, SWIR-1 0.071 
15 3-6-7 Green, SWIR-1, SWIR-2 0.070 
16 2-4-6 Blue, Red, SWIR-1 0.062 
17 2-4-7 Blue, Red, SWIR-2 0.054 
18 3-4-7 Green, Red, SWIR-2 0.052 
19 2-3-7 Blue, Green, SWIR-2 0.051 
20 2-3-4 Blue, Green, Red 0.043 
 
A  B  C  
D  E  
 
 
 
Figure 5. Unsupervised classification. A. 2-4-5 band combination; B. 2-5-6 band combination; C. 2-5-7 band 
combination; D. 4-5-6 band combination; E. 2-3-4-5-6-7 band combination. 
 
Table 2. Land cover area based on Unsupervised Classification. 
Band Land cover area (ha) Water Non-vegetation True mangrove Vegetation No data 
2-4-5 32.6 11.2 12.6 25.1 1.6 
2-5-6 32.4 6.9 6.4 35.3 1.9 
2-5-7 31.4 5.0 7.0 37.6 2.1 
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4-5-6 33.4 11.0 4.9 32.7 1.2 
2-7 31.6 10.5 4.0 33.9 2.5 
 
Distribution of mangroves from 
unsupervised classification bands 2-3-4-5-6-7 are 
in accordance with the results of the field validation 
conducted on July 18-24, 2016. Validation shows 
that the true mangrove in Segara Anakan are 
Rhizopora sp., Avicennia sp., Bruguiera sp., 
Avicennia sp., and Soneratia sp., while the 
associated mangroves are Acanthus sp. and Derris 
sp. (Figure 6). 
 
A  B  
C  D  
Figure 6. True mangroves in Segara Anakan, Cilacap Regency, Central Java Province, Indonesia. A. Avicennia 
sp.; B. Rhizophora sp.; C. Detail of Rhizophora sp. D. Derris sp. and Nypa fruticans. 
 
The combination of the three bands 
produces six composite variations. From band 2-5-
6 combinations (Blue, NIR, SWIR-1), composites 
that present the most visually clear earth surface are 
6-5-2 (SWIR-1, NIR, Blue) and for mangrove 
combinations 5-6-2 (NIR, SWIR-1, Blue). Band 2-
4-5 (Blue, Red, NIR) combination, composite 4-5-
2 (Red, NIR, Blue) can display the surface of the 
earth very clearly, but no composite can show 
mangroves. Band 2-5-7 (Blue, NIR, SWIR-2) gives 
the best appearance of the earth on composites 7-5-
2 (SWIR-2, NIR, Blue) and for mangroves 5-7-2 
(NIR, SWIR-2, Blue). Band 4-5-6 (Red, NIR, 
SWIR-1) displays the best earth surface in 
composites 6-5-4 (SWIR-1, NIR, Red) and for 
mangroves 5-6-4 (NIR, SWIR-1, Red). 
The appearance of the earth's surface 
displayed by the composite shows the surface 
object according to the original nature of the object 
(green vegetation, blue water, white or red 
settlements - depending on the color of the roof, 
white clouds, among others). As for mangrove 
vegetation, the composite band will display 
mangroves with brownish colors; true mangroves 
will be shown in dark brown while the mangroves 
are associated with light brown. Reddish brown is 
the result of reflectance of vegetation objects from 
the NIR band. Mangroves are darker because of the 
influence of the wet growing environment detected 
by the blue band. 
The unsupervised three band classification 
results from the OIF values are classified into five 
classes, namely water, non-vegetation, mangrove 
vegetation, vegetation, and clouds. All 
unsupervised classification results show true 
mangroves, which are to the east of Segara Anakan. 
True mangroves are distributed around the estuary. 
This is accordance with the true nature of 
mangroves that grow in tidal areas. True 
mangroves from 2-4-5 bands are detected in almost 
all regions in Segara Anakan, especially in the east 
and south.  
The unsupervised classification result 
using 2-5-6 and 4-5-6 bands show true mangroves 
in the east of Segara Anakan but with a small 
amount, and some also in the south and west. In this 
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band, non-vegetation is also detected around true 
mangroves, possibly open land because based on 
the survey that has been carried out there are no 
settlements around the mangrove area in Segara 
Anakan except for certain areas that are nowadays 
residential areas.  
The unsupervised classification result 
using 2-5-7 bands shows the true mangrove 
location very clearly on the east (majority) from 
Segara Anakan and slightly on the west. True 
mangroves are seen centered around estuary. The 
disadvantage of unsupervised classification with 
band 2-5-7 is that it is inadequate for non-
vegetation detection, even though there is much 
open land in the area. Open land is detected as 
vegetation. 
The unsupervised classification with three 
bands of OIF values is also compared with the 
classification results using seven bands (2-3-4-5-6-
7). The results of data processing showed the same 
results, true mangroves were in the east of Segara 
Anakan with evident conditions, while in the west 
there were only very few. Classification with bands 
2-3-4-5-6-7 shows the best distribution of true 
mangroves. The weakness of this classification is 
the detection of the objects that are classified as 
clouds in the location around the mangrove, even 
though the other classifications are not detected. 
The clouds (no data) are only in the west and very 
few in the north. 
Classification with band 2-3-4-5-6-7, 
which gives the best results, shows that it is caused 
by a combination of the wavelength spectrum of 
the band. Bands 2-3-4-5-6-7 can detect the 
presence of vegetation. Band 6 and 7 (SWIR-1 and 
SWIR-2) can detect soil moisture and vegetation. 
Based on the combination of these wavelengths, 
the objects on the earth's surface can be detected 
very well, although there are some that are not 
suitable. Based on the area calculation of 
unsupervised classification, band 2-4-5 
combinations have the largest area of true 
mangrove, namely 12.6 ha and the least are 
classification with bands 2-3-4-5-6-7, which is 4.0 
ha. The extent of true mangrove in band 2-4-5 is 
due to the lack of the combination to separate 
between true mangrove and vegetation while band 
2-3-4-5-6-7 can detect objects very well. Band 2-4-
5 combinations are recommended for true 
mangrove detection. 
 
Discussion 
Mangroves are vegetation that grows 
around coastal areas that are still affected by tides. 
The existence of mangroves on the coast is very 
important, therefore mangrove monitoring is 
needed, including by using remote sensing 
technology namely Landsat 8. The large number of 
Landsat 8 bands makes its own difficulties when 
determining canal combinations for an object 
(mangrove). By using the OIF method, the best 
bands for detection of mangroves in this study is 2-
5-6 (Blue, NIR, SWIR-1) with a combination for 
visual display is 5-6-2 (NIR, SWIR-1, Blue). 
Compared with the study of Marini et al. (2015), 
there are differences in the best bands from Landsat 
8 for mangrove detection, namely 3-5-7 (Green, 
NIR, SWIR-2) with 5-7-3 visual displays (NIR, 
SWIR-2, Green), while research by Manoppo et al. 
(2015), Landsat 8 bands suitable for mangrove 
detection are 4-5-6 (Red, NIR, SWIR-1), and from 
SPOT 6 are 1-3-4 (Blue, Red, NIR). 
Based on the results of a 5-6-2 (NIR, 
SWIR-1, Blue) bands combination, the mangrove 
color looks brownish. There are differences in the 
color of mangroves in the Segara Anakan area. In 
the western part, light brown color dominates while 
in the east it is dominated by dark brown. This is 
caused by differences in the genus of mangrove 
that grows in the area. Based on the results of field 
validation, mangroves in the west are mangrove 
associations and in the east are dominated by true 
mangrove.  
The advantage of this OIF method is to 
make it easier to monitor Mangrove conditions in a 
large area with certain accuracy. The OIF method 
still has weaknesses if the image data used has not 
been done radiometric correction. This condition 
will result in a classification with low accuracy. 
The use of satellite imagery is more efficient and 
makes it easier to monitor extensive mangrove 
areas. The object boundary between vegetation 
canopy and height vegetation of true mangrove is 
still needed further studies in the next research. 
 
Conclusion 
Remote sensing data can be used for 
mangrove detection. The large number of bands on 
Landsat 8 can be a problem in getting an RGB 
combination for an object, one of which is a true 
mangrove. OIF techniques make it easier to 
determine the channel combination. Based on OIF 
analysis, the highest rating is the RGB combination 
is 2-5-6 (Blue, NIR, SWIR-1) with a value of 0.177 
and for RGB 2-5-6 visualization that is suitable for 
true mangroves is 5-6-2 (NIR- SWIR-1, Blue). 
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